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EXHAUST PRODUCT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ideal NOx trap 
material cheaper than a NOx trap material such as Pt- 
BaO/alumina catalyst and durable. 

SOLUTION: The exhaust gas generated from an internal 
combustion engine is treated by periodically changing a ratio 
of air to fuel in the exhaust gas entering the trap between a 
lean operation and a rich operation so that the nitrogen oxide 
trap is installed in an exhaust passage, the nitrogen oxides 
are adsorbed during the lean operation and the nitrogen 
oxides are released during the rich operation. The trap 
consists of a porous carrier being substantially yalumina, and 
0.5-4 wt.% Pt, based on the weight of the carrier, supported 
on the carrier. The released nitrogen oxides enable to be 
converted into N2 and 02 on novel metal by reduction 
substance such as hydrocarbon present in the exhaust gas. 
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* NOTICES ♦ 

JPO €uid NCIPI are not responsible for €uiy 
daxaages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] the approach of processing the exhaust air from an internal combustion engine ~ it is ~ (a) — 
the porosity support whose most is gamma alumina ~ and (b) ~ it supports to this support — having ~ the 
weight of this support — being based — 0.5 to 4% of the weight of platinum ~ and The process which 
arranges the nitrogen-oxides trap matter which essentially changes from the noble metals which have 
palladium, rhodiums, or those mixture to arbitration to the above-mentioned internal combustion engine's 
flueway. The above-mentioned nitrogen-oxides trap matter is exposed to engine exhaust air [ Lean / 
theoretical air fuel ratio ]. The process at which the above-mentioned trap matter adsorbs nitrogen oxides 
from exhaust air by that cause, How to have the process which purges the above-mentioned trap matter by 
exposing the process which supervises the amount of the nitrogen oxides adsorbed by the above- 
mentioned trap matter, and the above-mentioned nitrogen-oxides trap to exhaust air with the air-fuel ratio 
more rich than theoretical air fuel ratio or it. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach using the nitrogen-oxides trap essentially 
formed in a gasoline internal combustion engine's flueway only from the noble metals which were 
supported on the alumina porosity support matter, and which have platinum at least, in order to adsorb 
nitrogen oxides, and to emit nitrogen oxides during lean bum actuation, when the oxygen density under 
exhaust air is low. 
[0002] 

[Description of the Prior Art] A catalyst is used for the pxmiping system of an automobile in order to 
change into a more desirable gas the carbon monoxide, the hydrocarbon, and nitrogen oxides (NOx) 
which were generated in engine performance. When an engine is operated between theoretical air fuel 
ratio or a slightly rich air-fuel ratio, 14.7 and 14.4 [ i.e., ], the catalyst containing platinum and noble 
metals Uke a rhodium can change all three gases into coincidence efficiently. Then, such a catalyst is 
often called a "3 yuan" catalyst. 

[0003] However, in order to raise a fuel economy, it is desirable to operate petroleum engine under "lean 
bum" condition that an air-fuel ratio is larger (generally between 19 and 27) than 14.7. Such a three way 
component catalyst is not efficient about reduction of NOx xmder lean bum (hyperoxia) operation, 
although it is possible to change a carbon monoxide and a hydrocarbon. Then, it is concentrated on by 
development of a lean bum catalyst in recent years. I hear that one of the defects of some conventional 
lean bum catalysts is using as the base the zeolite ingredient in which endurance is inferior in a 
temperature up condition required for the efficient catalysis of a pumping system, and there is. A lean 
bum catalyst functions so that NOx may be reduced through using a hydrocarbon and a carbon monoxide 
on a catalyst, and thereby, a hydrocarbon and a carbon monoxide oxidize. 

[0004] As for the latest measure which is going to solve the problem of NOx in a lean bum system, it is 
focused on the NOx trap. That is, nitrogen oxides are absorbed during lean bum actuation, and when the 
oxygen density under exhaust air is low, it is the ingredient which can emit nitrogen oxides. Then, these 
traps are used with the engine system in which Lean and rich operation carry out between period cheinge. 
Alkaline earth metal like the barium used with a precious metal catalyst like platinum is typical in the 
combination of the ingredient in the conventional trap. The open Europe public presentation patent 
official report 0613714A2 is indicating that it is possible in nitrogen oxides occlusion or to absorb and to 
emit NOx into theoretical air fuel ratio or a fuel rich ambient atmosphere on September 7, 1994 under 
exhaust air of the various combination of platinum or palladium, and an alkali metal, alkaline earth metal, 
transition metals or a rare earth metal of an excess oxygen condition. 

[0005] In the device widely performed about this absorption phenomenon, during lean bum operation, 
platinum oxidizes NO to N02 first, and that N02 forms other matter and nitric-acid compounds, such as 
barium, after that. In theoretical air fuel ratio or a playback mode [ as / in a rich ambient atmosphere ], the 
nitrate is thermodynamically unstable and NOx by which occlusion was carried out is emitted. And NOx 
carries out catalytic reaction through the reducing substance and platinum under exhaust air like HC and 
CO, and forms 02 and N2. Then, in order to use the Lean NOx trap, engine control of a hybrid mode is 
used. The periodic change of the air-fuel ratio is made to be carried out between the Lean operational 
status of the long period when a trap sorbs NOx excretions, and the short fuel rich condition of a period 
which is desorbed from adsorbed NOx and reproduces the Lean NOx trap. The U.S. Pat. No. 5473887 
number is indicating this kind of exhaust emission control device, and the suggestion about actuation and 
use of such equipment in it is referred to and incorporated in this specification. 
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[0006] Carrying out a deer, poisoning of the alkali metal and alkaline earth metal with common being 
used for an NOx sorption is easily carried out with the sulfur under exhaust air, and they have a fault 
[ say / that alkali metal is influenced most greatly ]. Mostly, an automobile Mr. fuel will change to a sulfur 
compound like S02, if it bums including sulfur. If time amount passes, a sulfur compound will react with 
these trap matter that forms the sulfate which does not return to an absorbing material. These sulfates are 
inactive to an NOx sorption. As a result, general NOx serves as inactive strongly with the sulfur in a fuel 
to noble metals and alkaline earth metal like barium. 
[0007] 

[Problem(s) to be Solved by the Invention] It is the basis of Lean / rich exhaust air condition which we did 
not expect and discovered here, and about prehension/desorption of nitrogen oxides, I hear that the 
platinum/alumina catalyst which does not contain basic oxide like BaO reported to be the essential part of 
a catalyst or SrO function good equally, and it has it. Although Pt-BaO/alumina is excellent for a while to 
Pt/alumina about NOx processing in being fresh, Pt-BaO/alumina catalyst has the high sensibility to 
sulfur poisoning, and it turns out that this advantage is lost according to aging. This invention is cheaper 
than such NOx trap matter, and the ideal NOx trap matter which is durable further again is offered. NOx 
absorption / desorption capacity required of the NOx trap matter of the ingredient of this invention was 
what is not expected perfectly for an artificer. It is because an alumina is not a common basic oxide. 
Although the artificer does not understand the nitrogen-oxides desorption device by Pt/alumina catalyst at 
present, it is not visible to the thing only based on the basicity of a wash coat. 
[0008] 

[Means for Solving the Problem] This invention is made to the art of exhaust air by using the specific 
nitrogen-oxides trap matter. The approach is supported by the porosity support whose most is ganuna 
alumina, and (a) (b) support, and has the process which arranges the nitrogen-oxides trap matter which 
essentially consists of the noble metals which have 0.5 to 4% of the weight of platinum and palladium, 
rhodiums, or those mixture based on the weight of support to an internal combustion engine's flueway. 
Palladium or a rhodium, and other noble metals [ like ] that are the latter preferably may be supported on 
support with platinum. This approach has the process which purges the trap matter by exposing the 
nitrogen-oxides trap matter to engine exhaust air [ Lean / theoretical air fuel ratio ], and exposing further, 
the process at which the above-mentioned trap matter adsorbs nitrogen oxides from exhaust air by that 
cause, the process which supervises the amount of the nitrogen oxides adsorbed by the trap matter, and a 
nitrogen-oxides trap to exhaust air with that air-fiiel ratio more rich than theoretical air fuel ratio or it. The 
support matter is a gamma alumina preferably. 
[0009] 

[Effect of the Invention] More specifically, by using only the noble metals which have a platinum metal at 
least showed that the NOx conversion efficiency of the matter was maintained even when the sulfur under 
exhaust air exists, without [ the alkali metal generally used in the nitrogen-oxides trap matter of the 
conventional technique, and ] including alkaline eardi metal. As for the conventional absorbing material 
which contains with platinum an alkaline earth oxide like the barium which carries out poisoning of this 
easily with sulfur, it turns out by contrast that it is a thing based on the resistance to sulfur formation of 
the trap matter of this invention. This enables actuation of the trap of this invention which improved as 
compared with the conventional general trap with it being possible. It is predicted that NOx from which it 
was desorbed is changed into nitrogen and oxygen on platinum. 
[0010] 

[Embodiment of the Invention] This invention arranges the NOx trap matter of the noble metals which 
have platinum at least applied on the alumina matter to an internal combustion engine's flueway as 
mentioned above, and thereby, the ingredient absorbs NOx during Lean operation, and it releases the 
absorbed NOx during theoretical air fuel ratio or rich operation. That is, an air-fuel ratio keeps rich 
between company with Lean. 

[001 1] The nitrogen-oxides trap matter consists of noble metals which were essentially supported by the 
support matter (here, it is called the gamma alumina support matter) which is almost gamma alumina and 
which have platinum at least. In contrast with the common trap matter, another matter like alkali metal 
(for example, potassium) or an alkaline earth metal (for example, the barium oxide and a strontium oxide) 
generally supported by alumina support with platinum is not arranged on support with platinum in this 
invention. That is, in the approach of this invention, only noble metals are ahnost put on the support of 
gamma alumina. 

[0012] In this invention, "it is almost ganuna alumina" means that the support matter has 50% of the 
weight or more of gamma alxunina. If it is 80% or more, it is more desirable, and it is the most desirable if 
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it is gamma alimiina altogether substantially. However, if desirable, in addition to gamma alumina, the 
gamma alumina support matter may carry out little ** of the ingredients, such as the cerium oxide and the 
barium oxide which are often added to support, a zirconium dioxide, oxidization run TANIUMU, titanium 
oxide, a silicon, and an alpha alumina, in order to acquire the oxygen occlusion property for stabilization. 
This support matter whose most is gamma alumina is desirable from that surface area is large, that an 
adhesive property is good, and there being few chemistry interactions with the platinum supported there. 
[0013] The noble metals which are needed and which have platinum at least may be put on the gamma 
alumina support matter by what kind of approach, and some of approaches of preparing noble metals in 
the support matter are well learned for this field. Especially one of the useful approaches twists the water 
solution or organic solvent solution which has fusibility metallic compounds to infiltrate the gamma 
alumina support matter. An amino-Pt-nitrate like the third platinic acid of chlorination and tetramine 
nitric-acid platinum and a compound like Pt-carboxylate are typical at the fusibility platinum containing a 
compound. Water, an alkali solution like a sodium hydroxide, ethanol, toluene, isopropyl alcohol, an 
acetone, a methyl ethyl ketone, butyl acetate, and dimethyl formaldehyde are typical as such a solvent, 
and especially desirable things are water and water / methanol. If it is fusibility and the pyrolysis of that 
functional group is carried out into a water solution or an organic solvent, it is possible to use on support 
any platinum compounds which leave only noble metals or its oxide in this sinking-in method. Then, such 
a compoimd is called a platinum precursor compound. If another thing of a platinum precursor compovmd 
useful to this invention refers to this specification in addition to what was mentioned previously, it will be 
clear to this contractor. 

[0014] According to the above-mentioned sinking-in method, in order to make a catalyst precursor 
solution, as for a platinum precursor compound, it is common to melt by only mixing a compound to a 
water solution or an organic solvent. As for the solution of a catalyst compound, it is common to be 
further thinned for sinking [ of support ] in. A catalyst precursor solution may form the organic solvent of 
compatibility, and/or the mixture of a platinum precursor compound again. 

[0015] A wash coat will be supported with for example, KIN Aoishi and elevated-temperature stability 
like a mulUte by the base (physical support) of the electric insulation matter in the actual application to a 
pumping system. Although it is desirable to consist of monolithic magnesium aluminum silicate 
organizations (that is, KIN Aoishi) as for physical support, this configuration is not important for the 
catalyst of this invention. As for the surface area of a monolithic organization, according to the result 
measured by adsorption of N2, it is desirable that it is 50 - 1000 square meters per 11. organization. A eel 
consistency should be maximized to the constant value under constraint of pressure drawdown, and its 
range of 200 -800 eel is desirable per 1 square inch of cross-sectional area of an organization. As long as a 
base is a suitable configuration, what kind of thing is sufficient as it, and monolithic honeycomb structure, 
spinning, the wave foil, or the stratified matter is often used. Probably it will be useful to this invention 
and still more nearly another matter and configuration suitable for a pumping system will be clear to this 
contractor from the contents of this specification. 

[0016] The wash coat of the support matter may be applied to a base, and you may sink in with a 
precursor catalyst solution. The wash coat which sank in may be made to apply to a base instead. 
Generally, a wash coat (support matter) is furst established in a base. As for a wash coat, it is ideal that it 
is for about 25% of the weight of a base (for example, monolith) and about 35%. Although an option will 
probably be clear fiirthermore it provides this contractor of this field with a catalyst product from the 
contents of this specification, a generation method is not important for this invention. It is desirable that 
platinum makes a slurry the wash coat into which it sank, and applies it to a monolith. Generally, in order 
for this sinking-in wash coat to decompose the functional group of a catalyst precursor on the occasion of 
the use in a pumping system and to disappear, it is exposed to a temperature up condition. It is further set 
as the object of baking. 

[0017] If heating is performed in air, a platinum compoimd may exist as a platinum oxide compound 
generally disassembled into platinum and oxygen in an elevated temperature, then, it often comes out of it 
to exist as mixture of platinum and its oxide. 

[0018] The support matter is carried so that the weight of platinum may become the range of 0.5-4% of 
the weight of support. About 2 % of the weight is [ that it is desirable to constitute about 1 .5 to 2.5% as 
for platinum, and ] the most desirable. Palladium, a rhodium, or another noble metals like those mixture 
may be contained with platinum. Especially the rhodium is useful although the nitrogen oxides from 
which it is desorbed during a purge are changed. 

[0019] As mentioned above, it is known well that the general NOx trap using barium or a potassium as an 
NOx adsorbent will tend to receive poisoning by the sulfur compound which exists during exhaust air. By 
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using the matter which does not have alkaline earth metal in essence with noble rnetals showed that sulfur 
poisoning was avoided. The amount of support and the sulfur oxide which reacts is reduced and the matter 
may not be made to carry out sulfur poisoning not much. 

[0020] The approach using the nitrogen-oxides trap matter by this invention can have still more nearly 
another viewpoint. For example, a lean bum catalyst which contains transition metals, such as a catalytic 
converter using the general three way component catalyst containing another catalyst equipment, for 
example, palladium etc., to a flueway etc., and silver, copper, may be arranged. For example, these 
catalysts that are three way component catalysts can be arranged near the upstream of an NOx trap, i.e., an 
engine. In such arrangement, the three way component catalyst with desirable being arranged near the 
engine will get warm quickly, and will control engine cold starting excretions more efficiently. Probably, 
as for an NOx trap, it will be ideal that a low exhaust-gas temperature arranges the effectiveness of an 
NOx trap to the downstream of the three way component catalyst which is the location which can be made 
into max. Moreover, it will be protected from the very high exhaust-gas temperature which may do 
damage to an NOx trap by arranging an NOx trap in the location estranged by the downstream of a three 
way component catalyst. A three way component catalyst is not effective and occlusion of NOx is carried 
out to a trap during lean bum operation which NOx passes through a three way component catalyst. 
[0021] According to this invention, the process which supervises whenever [ trap's to amount's of nitrogen 
oxides with which this approach's was absorbed by trap matter's, i.e., absorbed nitrogen oxides', fulhiess ] 
is included. Although it can succeed in this by some approaches, predicting the amoimt of generating 
nitrogen oxides to the engine load and hour entry by the mounted computer or measuring the nitrogen- 
oxides concentration in the nitrogen-oxides trap order location in a path for example, using a nitrogen- 
oxides sensor are included in them. Probably, an option will be clear to this contractor of this field from 
this specification, furthermore it supervises the amount of the absorbed nitrogen oxides. When this 
monitor result shows that a trap should be purged in nitrogen oxides and should be reproduced, as for the 
trap matter, that air-fuel ratio is exposed during theoretical air fuel ratio or rich engine exhaust air. Do this 
by performing a little rich engine performance during a short period. The option which generates a rich 
air-fuel ratio makes a delivery air-fuel ratio small for a hydrocarbon into a trap. Probably, an option will 
be clearer to this contractor of this field than this specification, fiirthermore it makes an air-fuel ratio small 
and sends more rich exhaust air to a trap. About into what kind of thing the approach of predicting the 
amount of the nitrogen oxides in a trap and. the approach of making exhaust air rich, in order to purge a 
trap are made, it is not important. As for purge actuation, it is common a period required to purge some of 
nitrogen oxides or all that was absorbed in the stage in which a trap, the engine operation condition 
chosen for ideal actuation of an engine system, and transposition are possible, and to perform. It may be 
desirable to change these parameters and to fit purge actuation to trap temperature, if it is utility. 
[0022] NOx by which occlusion was carried out is released from the trap matter, and carries out a 
reduction catalyst reaction on the platinum in a trap according to another reductant which exists during a 
superfluous hydrocarbon and exhaust air like CO and H2. Generally released NOx is efficiently changed 
into N2 and 02, and the effectiveness improves, when a rhodium is contained on the wash coat of an NOx 
trap. However, according to this invention, in order to make it improve further about this point, the 2nd 
three way component catalyst may be arranged to the downstream of an NOx trap. As for the trap of this 
invention, it is useful especially to use for the petroleum engine which usually has an air-fuel ratio in the 
range of 19-27 during lean bum operation. 

[0023] In order to examine this invention, granular support is mixed with a catalyst precursor solution, 
and in order to evaporate a solvent, it is stirred in the state of the temperature up of die range of about 75 
to 120 degree C. The support matter with which it sank in is heated in order to decompose a functional 
group by heating for 4 hours etc. and to make it disappear at 600 degrees C by 1 hour and after that in 320 
degrees C. You may sink in platinum to a wash coat base according to sinking [ of multiple times ] in. It is 
put in the glass tube sealed by the Xtal glass wool for evaluation in the laboratory of a catalyst. 
[0024] In order for a KIN Aoishi honeycomb monolith including the gamma alumina wash coat of 135 % 
of the weight of examples to carry out the sediment of 2% of the platinum (based on the weight of a wash 
coat), it sinks in with tfie third platinic acid solution of chlorination. This monolith is dried at 100 degrees 
C for 5 hours. And in order that a monolith may be cut to two parts and may settle the wash coat BaO 
12% of the weight to a sample, one of the samples soaks it to a barium nitrate solution. It is dried at 100 
degrees C for 5 hours, and, as for a sample, both are calcinated at 500 degrees C for 4 hours. 
[0025] As for a sample, both are evaluated by the flow reactor about NOx conversion efficiency. 
Distributed gas is given as follows. 
2= 10.0% [ of space- velocity =25000/time amount 
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HC=40ppmCO=2400ppmH2=800ppmNOx=600ppmO2=1400ppmCO(s) ] H 2= 10.0% [0026] By adding 
02 (6%) for 1 minute, distributed gas is maintained in a fuel rich condition, and is made rich by adding 
CO (1%). The modulation of this distributed gas presentation is maintained during catalyst evaluation. 
NOx conversion is shown in drawing 1 R> 1. In this experiment, 20Pt/aluminum3 presentation shows 
NOx conversion efficiency somewhat lower than a Pt-Ba catalyst. However, in another experiment, it 
turned out that it has the NOx conversion efficiency which is equal to it of 20Pt/BaO/aluminum 203 and 
Pt/SrO/aluminum3 catalyst. 

[0027] 20Pt/aluminum3 catalyst stated by 1 two examples is evaluated under a period change condition 
which described the outline in Example 1 separately and again in Lean and a rich condition. The NOx 
conversion efficiency [ in / like / a repeat condition ] shown by drawing 2 is farther [ than the numerical 
average of Lean and rich NOx conversion efficiency ] high. 

[0028] 20Pt/BaO/al\miinimi3 catalyst of Example 1 is evaluated as mentioned above again. A result is 
shown in drawin g 3 . These results are the bases of all trial conditions, and it is shown that it is similar in 
respect of the engine performance. 

[0029] The NOx conversion efficiency about the catalyst of both under Lean and a rich condition is 
plotted by drawing 4 . Pt/aluminum 203 and Pt/BaO/aluminum 203 are very similar in richness, Lean, 
and an NOx trap condition, as shown in this drawing. 

[0030] Pt and 2%PT / two catalysts that contain SrO 6% were prepared for the appearance stated in 
Example 1 32% of examples. The Lean process was estimated like by 350 degrees C by [ which adjust a 
rich process in 15, 30, 45, and 60 seconds ] having explained NOx reduction effectiveness in Example 1, 
fixing in 60 seconds. An NOx conversion rate is shown in drawing 5 . 

[0031] The catalyst stated by 3 four examples was evaluated by 500 degrees C by the appearance 
explained in Example 3. The rate of NOx reduction under various periodic change is shown in drawing j6 
R>6. 

[0032] The catalyst which contains Pt 52.1% of examples is established on an alumina (95%) and the 
monolith of a silica (5%) at the appearance explained in Example 1 . It is the basis of a periodic change 
condition (rich for 1 minute at Lean during 1 minute), and evaluation of the rate of NOx reduction is 
carried out to the appearance to which the catalyst was stated in Example 1. Maximum NOx conversion 
efficiency was 76%. 

[0033] The catalyst which contains Pt 61 .9% of examples is established on a multiple oxide monolith 
(97% alumina, 3% titania). As for a catalyst, evaluation of NOx reduction is carried out under a repeat 
condition (it is 1 -minute Lean and rich for 1 minute). The rate of maximum NOx reduction is 74%. 
[0034] The catalyst which contains Pt 72% of examples is established on a multiple oxide monolith (98% 
alumina, 2% zirconia) at the appearance explained in Example 1. As for a catalyst, evaluation of NOx 
reduction is carried out under a periodic change condition (it is 1 -minute Lean and rich for 45 seconds). 
The rate of maximum NOx reduction is 59%. The criteria trap catalyst which contains BaO 7% showed 
the NOx reduction effectiveness which should be compared in a trial condition. 

[0035] Example 8 Seria (2 % of the weight) is put on the alumina monolith explained in Example 1, and it 
is evaluated by the appearance which Pt and the catalyst which contains Rh 0.5% were prepared 1 .9%, 
and was explained in Example 1. The maximum NOx conversion efficiency (rich for 1 minute at Lean 
during 1 minute) in a periodic condition is 77%. 



[Translation done.] 
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